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In our clinical setting, images were acquired at every second 
or third treatment fraction, resulting in a total median dose 
from imaging of 34.6 cGy for head-and-neck, and 70.6 cGy 
for prostate cancer patients. The relative frequency of the 
techniques and the contributions of the different techniques 
to the total imaging dose is shown in Figure 1. 
 
 
Conclusion: The contribution of planar images to the imaging 
dose is smaller than the dose due to megavoltage CBCT, but 
not negligible in the clinical routine due to the larger number 
of planar images. The kV imaging modality has very small 
overall contribution to the imaging dose, which mainly arises 
from 6 MV and IBL (the latter being more frequently 
employed and therefore more prominent in the dose 
contribution). 
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Purpose or Objective: In recent years, dosimetry in cone 
beam computed tomography (CBCT) has become an issue as 
the standard dose index used for CT dosimetry (CTDI100) fails 
to provide a satisfactory estimation of dose for CBCT scans. 
AAPM TG–111 proposed replacements of the CTDI100 with a 
measurement of a cumulative dose to address the problem. 
The cumulative dose for CBCT scans f(0) is a point dose 
measured using a small ionization chamber in the middle of a 
cylindrical PMMA, polyethylene, or water phantom of length 
≥450 mm to achieve scatter equilibrium. Although this 
method overcomes the limitations of CTDI100, the use of 
longer phantoms is impractical in the clinical environment. A 
practical approach based on using the standard CT dosimetry 
system was introduced to assess f(0). 
 
Material and Methods: A function called Gx(W)100 was 
introduced in this study. It was defined as the ratio of f(0) to 
a dose index f100(150), which was proposed for CBCT 
dosimetry and equals the cumulative dose averaged over the 
length of a standard 100 mm CT pencil ionization chamber 
and measured within standard 150 mm long PMMA CTDI 
phantoms. Monte Carlo BEAMnrc and DOSXYZnrc codes have 
been used to simulate the On-Board Imager (OBI) system, and 
to calculate f100(150) and f(0). Standard 150 mm CTDI 
phantoms were simulated to calculate f100(150), whereas 
infinitely long PMMA, polyethylene, and water phantoms 
were used for f(0). The phantoms were in different diameters 
to represent head and body of an adult patient, a body 
polyethylene phantom being equivalent to the ICRU–AAPM 
phantom. f100(150) and f(0) were measured at the centre 
and periphery of the phantoms using beams of width 40–500 
mm and beam qualities of 80–140 kV. Gx(W)100 was 
evaluated under different conditions with f100(150) and f(0) 
calculated with the same beam width (W) and at the same 
position (centre or periphery). 
 
Results: Under the different conditions, Gx(W)100 showed a 
weak dependency on tube voltage over the range 80-140 kV. 
Gx(W)100, however, was influenced by diameter and 
composition of the phantom. Therefore, a set of Gx(W)100 
functions based on the diameter and composition was 
developed to assess f(0) in a given long phantom from 
f100(150) measurements obtained within the short phantoms. 
Gx(W)100 provides a practical approach to avoid the use of 
long phantoms, which are impractical in the clinical 
environment, and hence simplify the AAPM method. Since the 
CT dosimetry system used for f100(150) is available 
worldwide, this approach could help to maintain the standard 
equipment. The Gx(W)100 functions used in this study have 
been applied to a CT scanner, and showed a weak 
dependency on the scanner type. This gave an indication that 
Gx(W)100 may be comparatively independent of the type of 
imaging system. 
 
Conclusion: Gx(W)100 function was proposed in this study, 
and was relatively independent of tube voltage and may be 
independent on the scanner type. Gx(W)100 allows 
measurement of f(0) using the AAPM method with standard 
CT dosimetry equipment. 
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Purpose or Objective: The CBCT(Cone-beam CT) is an image 
guided system verifying the precise location of tumor before 
the radiation treatment such as IMRT(Intensity-modulated 
radiotherapy) and SBRT(Stereotactic body radiotherapy) for 
accurate radiotherapy. However, the frequent use of CBCT 
scanning can induce the secondary tumor due to increase of 
radiation exposure to patients. With the CBCT scanning, 
treatment volume can be verified locally by changing the 
CBCT scan range. In this study, we evaluated regional organ 
dose according to CBCT scan range with Monte Carlo 
simulation. 
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Material and Methods: We modeled the CBCT system which 
built-in Varian Clinac iX with full-fan and half-fan filter by 
using the Monte Carlo code(MCNPX 2.7.0). By acquiring the 
measured data with EBT3 films for PDD(percent-depth dose) 
and beam profile for open, full-fan and half-fan filter in 
static mode, we verified that simulated data was coincided 
with measured data for spectrum. The assessment of 
absorbed dose of each organ during the CBCT scanning was 
performed with ORNL(Oak Ridge National Laboratory)-male-
MIRD(Medical Internal Radiation Dose) phantom. In this study, 
we set the scan range adapted for the CBCT scan conditions 
and then the absorbed dose of each organ was evaluated 
applying a half-fan filter. In that time, the CBCT scan range 
was changed by modulating the Y jaw from 16 cm to 8 cm at 
intervals of 2 cm and we verified the difference of absorbed 
dose of each organ according to CBCT scan range. 
 
Results: For CBCT scan in thorax, the absorbed dose of heart 
and lung were reduced for 46.6~32.1 mGy and 75~47.4 mGy, 
respectively, and the other side lung was reduced for 
31.7~19.1 mGy. As the scan range was decreased at intervals 
of 2 cm, the absorbed dose in lung was reduced up to 10 %. In 
the case of heart, the absorbed dose was reduced drastically. 
For prostate, absorbed dose of bladder, sigmoid colon and 
testes showed dose reduction for 61.4~41.7 mGy, 50.4~38.8 
mGy and 81.1~45.4 mGy, respectively. In the case of penis, 
the absorbed dose was reduced from 81.1 to 45.4 mGy. 
 
Conclusion: We evaluated the change of organ dose 
according to CBCT scan range with Monte Carlo code MCNPX 
and male-MIRD phantom. In the result, we verified the organ 
dose can be different about 30~40% according to changes of 
CBCT scan range. We thought this study can be used in 
optimization for radiation exposure to patients, usefully. 
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Purpose or Objective: Defining patient specific Cone beam 
computed tomography (CBCT) acquisition parameter to 
optimize breast imaging dose 
 
Material and Methods: Since last few years, in-room 
volumetric imaging systems which include MV computed 
tomography (CT) and MV or kV cone-beam computed 
tomography (CBCT) are being used for greater soft tissue 
definition and improved target localization. This technology 
helps in escalating target dose while decreasing normal tissue 
doses. This improves the therapeutic ratio of radiotherapy. 
Intense IGRT protocols are adopted to reduce the PTV margin 
and to understand changes happening during course of 
treatment. Additional imaging dose due to intense IGRT 
protocol is concern for deterministic and non-deterministic 
radiobiology effect. In this study we measure imaging dose to 
breast in thorax region from Varian on board imaging CBCT 
Three OSL dosimeters were placed on the contra lateral 
breast. One dosimeter was placed at centre and other two 
dosimeters were placed 5 cm apart from centrally placed 
dosimeter. Low dose thorax imaging protocol was used for all 
measurements. All CBCT acquisitions were performed with 
fixed geometry for all measurements. CBCT images were 
acquired with half-fan cone with bow tie filtration, source-
detector distance of 150 cm, 0.25 cm slice thickness, 
transversal field-of view (FOV) of 25 cm, and a scan length of 
18 cm giving a longitudinal FOV of approximately 17.5 cm. 
Scans were performed with 200 degree rotation of gantry. To 
get a reasonable signal, dosimeters were irradiated during 
five consecutive treatment fractions for the CBCT imaging 
protocols. For same patients CBCT images were acquired 
using modified low dose thorax protocol also. In modified 
Low dose thorax protocol tube current was reduced from 
20mA to 10 mA. Dose to contra lateral breast was measured 
in same three positions 
 
Results: The absorbed dose per fraction using the CBCT for 
standard low-dose thorax protocol was 9 ± 0.30 mSv; for the 
“Modified Low dose thorax” protocol it was 4.8 ± 0.21 mSv; it 
can be seen that the “Modified Low dose thorax” protocol 
results in a reduction of 51% in absorbed dose compared to 
the standard low-dose thorax protocol. It was also noticed 
that, by changing acquisition parameters quality of both 
scans were comparable. 
 
Conclusion: It is important to have patient specific 
acquisition protocol rather than vendor supplied protocol so 
that imaging dose can be optimized. 
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Purpose or Objective: Out-of-field doses during radiotherapy 
treatments (RT) are associated with an increased risk of 
second malignant neoplasms in cancer survivors. The purpose 
of this work is to evaluate the impact, in terms of peripheral 
dose (PD), that new techniques for lung cancer such us 
stereotactic body radiotherapy (SBRT), modulated beams 
(IMRT and VMAT) and FFF would have in comparison to more 
traditional plans (3DCFRT).  
 
Material and Methods: Self-developed models [1,2] were 
used for neutron and photon peripheral dose (NPD and PPD, 
respectively) estimation to 12 organs, associated to lung 
treatments delivered using 3 linacs: Siemens Primus (6&15 
MV), Elekta Synergy (6 MV) and Varian TrueBeam (6,10&15 
MV; FFF mode available for the first two). Facilities were 
previously characterized in terms of neutron production [3] 
and photon leakage.  
17 plans were generated for a lung cancer case (60 cGy to 
100%).Different PTVs were used for conventional and 
stereotactic treatments (factor of 20 between both volumes). 
Results were compared to values from the literature [4] 
where PD studies were done but by terms of direct 
measurements of only photon component for few external 
points. 
 
Results: Figure (a) shows estimated NPD and PPD to some 
selected organs for SBRT treatments in 6 and 10 MV, 
including FF and FFF modes. Figure (b) shows average PPD to 
the same representative out-of-field organs (mSv) for 4 
studied techniques, considering all the linacs and plans.  
 
